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INFLUENCE OF TIME ON YACUUM VAPORIZATION RATE AND SURFACE
COMPOSITIONAL STABILITY OF TANTALUM CARBIDE - HAFNIUM
CARBIDE SOLID SOLUTIONS ABOVE 2000° C
by Daniel Deadmore

Lewis Research Center

SUMMARY

The vaporization rates of tantalum carbide (TaC), hafnium carbide (HfC), and of
solid solutions of 80TaC-20H{C, 50TaC- 50HfC, and 25TaC-75HI{C were determined gravi-
metrically as functions of heating times from 5 to 70 hours in vacuum at several temper-
atures between 2060° and 2600° C. After the samples were heated, they were examined
by X-ray diffraction, electron probe, and microscopic methods. For the tests at 2600°C
the sublimates were collected and chemically analyzed.

Up to 2600° C only HIC vaporized congruently. All compositions confaining TaC va-
porized incongruently with preferential loss of either carbon or hafnium or both. In these
materials the surface compositions changed, because the diffusion of the carbon and haf-
nium to the surface was not as rapid as their volatilization. These composition changes
extended to considerable distances below the surface. At constant temperature the va-
porization rate of all compositions containing tantalum decreased with time. This de-
crease in vaporization rate with heating time became less pronounced at higher tempera-
tures. One explanation for the decrease in vaporization rate with time at constant tem-
perature is that the carbon diffusion rate is less than the vaporization rate up to 2600° C.

INTROGDUCTION

The refractory carbides as a class are the highest melting materials known today.
As such, they are of interest as potential materials for applications that require high
operating temperatures. One possible use of these materials is in the field of emitters
for thermionic energy conversion (refs. 1 and 2). However, in this application any in-
congruently vaporizing material or any material with a relatively high vaporization rate




may be unsuitable. A high vaporization rate may lead to electrical shorting of the cell,
and any change in the chemical composition of the surface will alter its electron emission
properties (refs. 1 and 2). Therefore, understanding the vaporization rates and pro-
cesses of carbides is essential if they are to be considered for such uses. The tantalum
carbide - hafnium carbide (TaC-HfC) system was selected for vaporization measurements
because of the high melting points and low volatilities of its constituents.

In a previous short-time vacuum vaporization-rate study of the TaC-HIC system at
2200° to 2700° C (ref. 3), the preliminary information indicated that the vaporization rate
of the 80TaC- 20HfC composition (in mole percent) decreased with heating time at con-
stant temperature. Also, a significant change occurred in the lattice parameter of the
specimen surface; this change was interpreted as an indication of compositional change.

Other experimental and theoretical results concerning the vaporization of this system
have been reported. When TaC is heated at 2600° C or higher in a vacuum, the surface
becomes depleted of carbon (ref. 4); that is, it vaporizes incongruently because of the
nonequal molar vaporization rates of the constituents of TaC. However, in reference 4,
the investigators detected no change in the vaporization rate at constant temperature with
heating time. Seigle, Resnick, and Steinitz (ref. 5) concluded that at a constant tempera-
ture the vaporization rate of TaC should decrease with heating time because of the de-
crease in carbon content at the surface of the specimen. At a carbon content of 49 to
49. 5 atomic percent, HfC shows no change in its surface composition with heating time
over the temperature range of 2200° to 2700° C in a vacuum (ref. 6); that is, it vaporizes
congruently. Therefore, the vaporization rate was not time dependent. Kaufman and

Stepakoff (ref. 7) have concluded, from calculations based on a model set up for the
TaC-HfC system, that all compositions, with the exception of HfC, should vaporize in-
congruently in a vacuum. They further concluded that, with the exception of HfC, the
rates of vaporization of all compositions should decrease with heating time at constant
temperature because of changes in surface composition. From their model they calcu-
lated for TaC (assuming that only C vaporized) that the rate of vaporization should de-
crease inversely as the square root of the time. Diffusion was not considered in their
model.

The study reported herein was initiated to determine experimentally the type of va-
porization in vacuum (congruent or incongruent) as well as the time dependence of the va-
porization rate for selected compositions in the TaC-HfC system at several temperatures
above 2000° C. The specimens were examined chemically, gravimetrically, micro-
scopically, and by X-ray diffraction and electron-probe methods.
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TABLE L. - CHEMICAL ANALYSIS AND X-RAY DIFFRACTION RESULTS OF STARTING MATERIALS IN POWDER FORM®

TaC HIC 80TaC - 20HLC
Actual Theo- Actual Theo- Actual Theoretical
retical retical
Analysis,
weight percent:

Total C 5.98 6.20 5.85

Free C 0.11 0.01 0.03

Combined C 5.87 6.22 6.19 6.30 5. 82 6.23

Ta 93.78 74.23 75.21

HE 93.72 93.70 18.92 18,56

w 0.11 —

Fe <0. 005 0.036

si <0.01 <0.01 <0.001

Nb 0.52 0.32

Ti 0.13

Zr <0.01 <0.01 0.16

Co 0.057

Cr 0. 051

B Not detected <0.005 <0.003

0, 0.19 0. 007 0.18

N, 0. 005 0.014 0.021

H, 0.0031 0.012
Formula (T2 9g8NP9 011W0.001C0. 932 T2C1. 0  HICy ggp  HCy o (Tag 79y 902NPg. 007T 0. 005270, 004/Co. 925 (T2g, gHip. 2)C1. 0
C,at. % 48.2 50 49.6 50 47.9 50
C/Metal 0. 932 1.0 0. 982 1.0 0.925 1.0
Lattice 4. 455 (+0. 001) c--- 4640 (0.001)| ---- 4. 483 (20. 001)

parameterb, P

Fisher particle
size, u

3.3

2.75

4.2

81l three compositions are single-phase face-centered-cubic materials.

bLattice parameter accuracy is standard deviation.




EXPERIMENTAL PROCEDURE
Materials and Specimen Preparation

Table I presents the results of chemical and X-ray diffraction investigations on the
commercially supplied powder starting materials. These three materials are referred
to nominally as TaC, HfC, and 80TaC- 20H{C.

In addition to these three materials, compositions of 50 mole percent TaC 0. 96 and
50 mole percent HfCO. 96 and of 25 mole percent TaCO_ 97 and 75 mole percent HfCO. o7
were prepared by mixing TaC and HC in the proper ratios before the specimens were
formed. These compositions are referred to nominally as 50TaC- 50HfC and
25TaC- THHEC.

Solid cylindrical pieces (90 to 98 percent theoretical density) were formed by hot-
pressing the carbide powders in graphite dies at 2600° C for 1 hour in an argon atmo-
sphere. From these cylinders, specimens of 15. 6-millimeter outside diameter by 9. 3-
millimeter inside diameter by 6. 2-millimeter long were fabricated by electric discharge
machining. An approximate blackbody hole with a depth-to-diameter ratio of about 5 was
drilled in the ring parallel to its length. Free carbon was removed from the surface of
the specimens by grinding on 600 silicon carbide abrasive cloth. Oil used in discharge
machining was removed with organic solvents. (Further details on sample preparation
are given in ref. 3.)

X-ray diffraction examination of all hot-pressed compositions showed them to be
single phase, face-centered cubic, solid solutions. Also, metallographic examination re-
vealed no second phase. The lattice parameters of the hot-pressed carbides are given
in table II. The larger standard deviations for the 50TaC: 50HfC and 25TaC- 75HfC com-
positions are due to the broader diffraction peaks and
lack of resolution of the ay, Qg lines. The chemical
compositions of the hot-pressed specimens were as-
sumed to be the same as those of the starting powders,

TABLE II. - LATTICE PARAMETERS

OF HOT-PRESSED CARBIDES

8rattice parameter accuracy is
standard deviation.

Composition Lattice parameter, since TaC, HfC, and the 80TaC- 20HfC specimens

a?’ showed no significant changes in their lattice param-

(A) eters after hot-pressing.

a

All X-ray diffraction patterns were obtained with a

TaC 4. 456 (+0.001) diffractometer at a scanning speed of 1/2° per minute
80TaC - 20H{C 4. 482 (+0.001) . . . .
50TaC. SOHIC 4. 552 (0. 005) (20) with nickel-filtered copper radiation. A computer
95TaC . T5HEC 4. 590 (0. 008) was used to obtain the lattice parameters by means of
HiC 4. 640 (+0.001) the least squares extrapolation of Cohen as modified by

Hess (ref. 8). All diffraction peaks were included in
these calculations.
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Vaporization Measurements

The vaporization-rate measurements were conducted in a continuously evacuated,
vertical, water-cooled, fused quartz-tube induction furnace, which is described in refer-
ence 9. The specimen was supported on three 60-mil-diameter tungsten rods and was
heated directly.

The temperature of the specimen was measured with a disappearing-filament optical
pyrometer, which had been calibrated against a standard tungsten filament lamp (NBS
standard) with all optical elements in the light path.

A typical vaporization-rate determination involved weighing the specimen to the
nearest 0. 2 milligram, inserting the specimen into the furnace tube, and evacuating to
10'6 torr (cold cathode gage). The specimen was heated in 5 minutes to the desired test
temperature. This temperature was maintained fo within +£20° C for the desired length of
time at a pressure of less than 8><10'6 torr. At the end of the heating period the power
to the furnace was turned off, and the specimen cooled to less than 600° C in 5 minutes.
The specimen, after cooling to room temperature, was removed and reweighed. This
process was repeated as long as desired or until the specimen cracked. The weight loss
per unit of geometrical surface area (g/ cmz) was calculated for each heating period by
using the effective specimen area calculated by the procedure given in reference 3. The
cumulative weight loss (g/ cm2) was plotted against the cumulative heating time (sec) on
linear coordinates. Since this relation is nonlinear, tangents to this curve were con-
structed at various heating times; therefore, the slope of the tangent is the instantaneous
vaporization rate (g/ (cmz)(sec)).

Postheating Examinations

To understand the vaporization processes involved, the surface and interior compo-
sitions of the specimen were obtained from X-ray diffraction and electron microprobe
data as functions of total heating time. Hence, between each weight-loss determination
an X-ray diffraction pattern of the surface was obtained (see fig. 1 for orientation). The
phases present were identified and the lattice parameters were determined as accurately
as possible. Because of penetration by the X-ray beam (estimated to be about 10u),
these results are not necessarily those of the true surface of the specimen.

For study of compositional changes, those specimens which had previously been
heated at 2600° C were mounted in plastic. Initially, 0.025-millimeter-thick layers were
removed from the top of the cylindrical specimen with a diamond abrasive wheel (fig. 1).
An X-ray diffraction pattern of this newly exposed surface was made. Repeating this
process determined the change in composition from the top to the center of the specimen.
As the vertical distance increased, larger increments were removed.



~X-ray diffraction
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\

\
“~Electron probe tracking
direction

Figure 1. - Schematic diagram of test specimen for orientation of postheating examinations
(not to scale).

The cross section (at the vertical center of the specimen) was examined by the
electron-beam microprobe method for both Hf and Ta content by tracking from the outer
cylindrical edge toward the center (fig. 1). The surface of the cross section was given
a metallographic polish, was coated with an aluminum film (to give uniform surface con-
ductivity), and was simultaneously scanned for Hf and Ta content on a dual-channel in-
strument scanning at 8 microns per minute with an 8-micron-diameter beam. The re-
sults over the first 8 to 10 microns from the specimen edge were not usable because of
rounding of the edge during polishing.

For metallographic examination, the electron-probe specimens were repolished and
etched with an aqueous solution of hydrofluoric and sulfuric acids. All specimens were
examined at a magnification of 250.

For each of the 2600° C runs, the sublimate was brushed from the furnace tube, col-
lected, and analyzed. Chemical determination of total carbon was done on each sample;
hafnium was determined when possible, and tantalum, when present, was determined by
difference. This determination by difference was necessary because of the small amount
of sample (approx 150 mg). The analytical data for any sublimate specimen have a total
error of less than 10 percent and are probably accurate to within +3 percent. The major
impurities in the sublimates were silicon, iron, and chromium. The total impurities
were less than 1 percent. A material balance was not obtained; that is, the weight of the
collected sublimate was always 10 to 20 percent less than the weight lost by the specimen.
This difference can be caused by (1) incomplete removal of the sublimate from the tube
wall, (2) chemical reaction of the sublimate with the furnace tube, (3) a noncondensable
vapor species, or (4) a combination of these possibilities. A chemical reaction of the
sublimate with the furnace tube or the presence of a noncondensable vapor species would
lead to incorrect sublimate compositions. Since no condensate was found in the liquid-
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nitrogen cold trap of the vacuum system and no permanent discoloration of the quartz
furnace tube was observed, it is believed that these two possible causes are not the major
factors for the lack of a material balance. Although a material balance was not obtained,
the vaporization rates by weight loss are correct and the chemical composition of the sub-
limates support the composition changes in the solid.

RESULTS

Vaporization Rates

The vaporization rate - heating time data points of all compositions for each temper-
ature studied were plotted on log-log coordinates. To these points a straight line was
fitted with a least-squares computer program. The results of these operations are pre-
sented in figure 2 for the 80TaC- 20HfC composition. The vaporization rates were fitted

to the rate equation R = A/t", where R is
| Heating the vaporization rate (g/ (cmz)(sec)), t is

temperature, .
°c time (hr), and A and n are constants for a

o 2060
m] 2380
A 2600 of A and n, along with their time range of
Least-squares fit

Ha ]

given temperature. The least squares values

1074

validity, are given in table III for each com-

position and temperature studied.

The data of figure 2 indicate that the va-
porization rate of the 80TaC- 20HfC composi-
107 tion decreases with heating time at 2060°,
N 23800, and 2600° C. The rate of decrease is
N _ greater at 2060° and 2380° than at 2600° C.
\ Table I presents, in analytical form, the

"’y same general trends for TaC, 50TaC- 50HIC,
qj\ and 25TaC- 75HIC as were observed for the
\‘b\ 80TaC- 20HfC composition. However, no

g

/U

1078 ™

Instantaneous vaporization rate, gl(cmz)(sec)
/

change in the vaporization rate of HfC occurs

with heating time, as evidenced by zero values

of n at all temperatures.

1079 Postheating Examinations
1 10 100

Heating time, hr . o
) . Sublimates collected at 2600~ C. - The
Figure 2, - Effect of heating time on vaporization rate for

80-percent tantalum carbide - 20-percent hafnium chemical analyses for the sublimates collected
carbide composition in vacuum.




TABLE II. - CONSTANTS OF VAPORIZATION RATE

EQUATION?
Carbide Temperature, A
0
c

(b)
TaC 2060 5. 33x10" 8
2230 5. 70x10~8
2380 1.24x1077
2600 8.5x10™"
80TaC - 20HIC 2060 3. 86x10 8
2380 1.70x10™"
2600 5. 0x10™ ¢
50TaC- 50HIC 2060 7.15x10°8
2230 1.8x1077
2380 1.2x10° 7
2600 6.5x10"
25TaC - T5HLIC 2380 1.4x107"7
2600 1.2x1078
HIC 2060 1.5%x1078
2450 1.5%x10°5
2600 4.6x1078

4R = A/t" where R is vaporization rate (g/(cmz)(sec)); A and

n are constants; t is time (hr).
bLeast-squares fit.

(b)

0. 61
.36
.37
.10

0.69

.59
.11

1. 02
1.07

.39
.16

0.32

.10

Valid
time range,
hr

5 to 60
8to 75
6 to 30
10 to 24

5 to 85
6 to 60
12 to 77

5 to 82
6 to 45
3to35
8to 30

3 to 30
12 to 32

10 to 72
3to25
10 to 30

Q*f;ﬁ-ﬁt;éwﬁas#ﬁr.—\i
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from each composition after successively longer heating periods at 2600° C are compiled
in table IV. Although the reliability of the values presented is not considered to be better
than £10 percent, the values can be used to indicate certain trends. It is evident that the
sublimates of all Ta-containing compositions have more carbon than the original carbides
and that the descending order of volatility of the constituents is C, Hf, and Ta. Within
the limits of reliability of the data, the sublimates from HfC contain the same proportions
of C and Hf as the original carbide.

From the sublimate compositions given in table IV and the appropriate vaporization
rates, the molar vaporization rates of C, Ta, Hf, and total metal (Ta + Hf) were calcu-
lated for a heating time of 20 hours. These results are presented graphically in figure 3
in order to facilitate direct comparison of the data. For the sake of clarity, the results

TABLE IV. - CHEMICAL COMPOSITION OF SUBLIMATES COLLECTED
FROM TANTALUM CARBIDE - HAFNIUM CARBIDE SOLUTIONS

AFTER VARIOUS HEATING TIMES AT 2600° C IN VACUUM

Carbide Element Original Cumulative | Sublimate, | Sublimate at. %
composition, | heating at. % Original " at. 9
at. % time,
(2) hr (2)

TaC Ta 51.4 10 bg 0.117
16 10 .195

24 1o 5 .243

Total C 48.6 10 94 1.93

16 90 1.85

24 87.5 1.80

80TaC - 20HIC | Ta 40.9 20 by g 0.117
Hf 10.6 20 10. 8 1.02

Total C 48.5 20 84.4 1.74

53 72 1.48

65 70 1.44

b 66 1.36

Hf + Ta 51.5 20 15.6 0. 303

53 bog .54

65 b3g .58

7 b3y .66

a‘Impurity elements omitted.
By difference. (Impurity elements, which were less than 1%, were ignored.)
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TABLE IV. - Concluded. CHEMICAL COMPOSITION OF SUBLIMATES COLLECTED

FROM TANTALUM CARBIDE - HAFNIUM CARBIDE SOLUTIONS

AFTER VARIOUS HEATING TIMES AT 2600° C IN VACUUM

Sublimate,

Carbide Element Original Cumulative Sublimate at. %
composition, heating at. % Original  at. %
at. % time,
(2) hr (a)

50TaC - 50HIC | Ta 25.5 11.5 bg o 0.31
28 bg 2 .32

Hi 25. 5 17.5 21.7 0.85

28 19.8 .78

Total C 49.0 8 74 1.51

17.5 70. 3 1.43

28 72 1.47

Hf + Ta 51.0 8 26 0.51

17.5 bog. 7 .58

28 bsg .55

25TaC - 75HIC | Ta 12.7 12 03 & 0.28
23 by g 14

Hi 38.1 12 34.4 0. 90

23 42.2 1.11

Total C 49.2 12 62.0 1.26

23 56. 0 1.14

32 60 1.22

H + Ta 50. 8 12 bgg 0.75

23 byy .87

32 40 .79

HIC Hf 50. 4 12 a8 7 0.97
30 P50 .99

Total C 49.6 12 51.3 1.03

30 50 1.01

a’Impurity elements omitted.

bBy difference. (Impurity elements, which were less than 1%, were ignored.)
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Substance

Carbon

Hafnium ]

Tantalum

Total metal (hafnium

plus tantalum)

24

& >Oo

)
16
12

8‘ \ /r!:/

Molar vaporization rate, moles/icm?)(sec)

. ~o—"],
L/’ QF—‘— N A
0 2 1 6 8 100

Concentration of hafnium carbide, mole %

Figure 3. - Molar vaporization rates of carbon, hafnium,
tantalum, and total metal (hafnium pius tantalum) for
tantalum carbide - hafnium carbide at 2600° C in vacuum,
Calculated from 20-hour sublimate compositions and in-
stantaneous vaporization rate.

will be stated again: All compositions containing Ta vaporize incongruently, while HfC
is the only composition that vaporizes congruently.

X-ray diffraction of specimen surfaces. - The specimen surface after heating was
examined by X-ray diffraction. In this way newly formed phases, if present in sufficient
concentration, can be detected, and changes in the lattice parameter can be measured.
Figure 4 indicates that the lattice parameter of the face-centered cubic phase in the spec-
imen surface of both TaC and the 80TaC- 20HfC composition decreases with heating time
at 2380° and 2600° C. Also, after a sufficiently long heating time at 2600° C, the lattice
parameter of the face-centered cubic phase for both the TaC and 80TaC- 20HiC composi-
tions reached a minimum value between 4. 41 and 4. 42 angstroms, and a second phase of
hexagonal crystal structure was detected. The lattice parameters of this hexagonal phase
were very nearly those of Tazc for both compositions. For TaC the lattice parameter
values of the face-centered cubic phase could be converted into carbon content in the
specimen surface by using the data of Bowman (ref. 10). These resulis are plotted in
figure 4. Obviously, the carbon content of the surface decreases with heating time. For
the 80TaC- 20HfC composition converting the surface lattice parameter values of the face-

11
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Figure 4. - Variation of lattice parameter and carbon content of vaporizing sur-
face of tantalum carbide and 80-percent tantalum carbide - 20-percent hafnium
carbide after various heating times in vacuum.

centered cubic phase to composition was not possible, but reference 11 shows that a de-
crease in either C or Hf content or both (of compositions in the face-centered cubic area
of the Ta-Hf-C phase diagram), causes a decrease in the lattice parameter. We can
therefore conclude that the decrease in the lattice parameter of the surface of the

80TaC- 20HfC composition with heating time is due to a composition change. Similar de-
creases with heating time were found in the surface lattice parameters for the

50TaC- 50HfC and 25TaC- 75HfC compositions. With heating time, however, HiC showed
no change in its surface lattice parameter greater than the standard deviation (+0. 001 A).

Internal Examinations

Having established the fact that the chemical composition of the surface changes, an
examination of several specimens by X-ray diffraction and electron-probe techniques was
made to determine the vertical extent of these changes (see fig. 1, p. 6, for orientation).
The TaC specimen was examined after 24 hours at 2600° C; the results are given in fig-
ure 5. The carbon content was calculated from the lattice parameters of the face-

12
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Carbon content
of tantalum

1 t T L] T T
Open symbols denote only face-centered-
| cubic phase present in surface

Solid symbols denote carbon content
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phase although hexagonal phase —]
{TayC) also present
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-3
nN

.1 .2 3 A4 .5 .6 1 .8 .9 1.0
Vertical distance from vaporizing surface, mm

o

Figure 5. - Variation of appearance of cross section and carbon content (determined from lattice parameters) for tantalum carbide heated
24 hours at 2600° C in vacuum. Sample etched; X250; reduced 40 percent in printing.

centered cubic phase at various depths using the data of Bowman (ref. 10). I is evident
that a carbon gradient exists. A photomicrograph of the surface region shows that a
striated, second phase is present and that it disappears at approximately the same dis-
tance below the surface at which the hexagonal (TaZC) phase disappears from the X-ray
patterns.

An electron-probe and X-ray diffraction study at various depths was made on the
80TaC- 20HfC composition after it was heated for 77 hours at 2600° C; the results are
presented in figure 6. There was a very steep increase in the lattice parameter and Hf
content in the first 0.02 to 0. 03 millimeter below the surface. The lattice parameter
then increased more slowly until it reached the initial value at or near the vertical center
of the specimen. A microscopic inspection of the cross section revealed a high density
of striations near the surface similar to those observed in TaC. These striations disap-
peared at approximately the same depth at which the hexagonal (Ta2C) phase was no
longer detected in the X-ray patterns. Experimental results similar to these were ob-
tained for the 50TaC- 50HIC and 25TaC- T5H{C compositions after they were heated at
2600° C for 30 hours. For HfC no significant changes with depth were observed in the
lattice parameter or Hf concentration gradient after 30 hours at 2600° C.

DISCUSSION

From the experimental results, it is possible to construct the general vaporization
process for this system. The elements of all the compositions, except HIC, vaporize
incongruently and cause the chemical composition of the surface to change when the dif-
fusion rate is not sufficient to replace the elements lost by vaporization. The presence

13
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Figure 6. - Variation of lattice parameter of face-centered-cubic phase and metal (tantalum
and hafnium) content with vertical distance from vaporizing surface for composition of
80-percent tantalum carbide - 20-percent hafnium carbide after heating for 77 hours at
2600° C in vacuum,

of the concentration gradients implies that the rate of supply to the surface of the vola-
tilized elements by diffusion is less than their vaporization rates. This difference in
rates, then, shifts the surface composition in the direction of lower C and Hf contents
over the temperature range studied.

The decrease in the vaporization rate with heating time at a constant temperature is
explained as follows: At zero time the composition of the surface and the bulk are equal,
but after heating for some time t1 a concentration gradient is set up. Thus, the next
vaporization-rate value is less than the first, since less C and Hf are present to be va-
porized because they were not replaced by diffusion. Therefore, each time the specimen
is heated, the value of the rate is less, because vaporization is now taking place from a
new surface composition, which contains less C and Hf than the previous one.

The decrease in vaporization rate with heating time is temperature dependent, with
the decrease less pronounced at higher temperatures. It is proposed that at some tem-
perature, higher than that studied here, the diffusion rate of C will become equal to its
vaporization rate, and then the vaporization rate will remain constant for some time.

However, because C is vaporizing incongruently at this higher temperature, the depletion
must be taking place in the interior of the specimen.

14

e
e g Y SRR



SUMMARY OF RESULTS

A study of the vacuum vaporization rates for selected compositions in the tantalum
carbide - hafnium carbide (TaC-HfC) system at temperatures above 2000° C gave the
following results:

1. The vaporization rate of TaC, 80TaC- 20H{C, 50TaC- 50H{C, and 25TaC- 75HfC at
2060° to 2600° C decreased with increased heating time. This decrease in vaporization
rate is due to the incongruent vaporization of these compositions. The descending order
of volatility of the elements from these compositions is C, Hf, and Ta. The composition
of the surface of these carbides changed with heating time because the diffusion rate of
the volatilized elements is slower than their vaporization rate as demonstrated by the
concentration gradients. Therefore, the vaporization process for this system is diffusion
controlled.

2. The vaporization rate of HfC in this same temperature range is independent of
heating time. This independence is due to the congruent vaporization of HiC.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, February 28, 1966.
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